Laboratory experiments were carried out to elucidate the influence of riparian vegetation on braided rivers with unconstrained banks. One run for barided river without vegetation from initial straight channel and two kinds of runs for the river with vegetation were conducted. For the vegetated braided river alfalfa seed was introduced to the channel by controlling the density. In this study, flow characteristics and channel evolution to explain vegetation effects in braided river were investigated. Especially in morphological behavior, a primary channel was developed to a high meandering channel and bifurcated to two channels due to vegetation on the bed and banks. And numerical model is applied to investigate the effect of vegetation in braided river with and without vegetation and the results are discussed.
INTRODUCTION
The morphological behavior in braided rivers with erodible banks is governed by a lot of factors. Especially vegetation makes an important role in the channel evolution (Fig. 1) , and better understanding of its influence is of great importance in the aspect of hydraulic and environmental engineering. However, it has been much restricted since the behavior of vegetated rivers is complex. A theoretical model was suggested by Ikeda and Izumi (1990) to elucidate the relation between the vegetation density and the hydraulic factors, for example, the channel depth, the width, and discharge in the self-formed straight gravel rivers, in which the vegetation was assumed to be stiff without considering the bending effect. Gran cosisdering its hydraulic characteristcis, that is, flow resistance, and water depth.
EXPERIMENTAL PROCEDURES
Laboratory experiments were carried out in a flume with 12 m in length and 2 m in width, and sidewalls of the flume were wooden plates. The flume was filled with well sorted-sand with 1.25 mm of mean diameter.
An initial channel was set to trapezoidal shape with 80 cm at the bottom, 3 cm at the height, and 40 degree at the bank slope. Water discharge was controlled to 3.5 l /s under the initial conditions. The non-dimensional channel (width/depth ratio) was 85.3. Experimental conditions are summarized at Table 1. Sediments were given by hand regularly at the upstream end of the channel to maintain the channel shape without local disturbance during the experiments. The bed was graded to the intended slope by using a wide scraper and the initial channel was cut by a wooden prototype attached to the lower end of the scraper at the same time. Before starting the experiment, a little water flowed over the bed to saturate the bed surface. Water depth was checked at some places using a point gage after 15 minutes of water flow. Plastic mesh screen was set to maintain nearly steady state inflow into the channel at the front of the channel inlet, and water depth was regulated by sluice gate to minimize the outlet effect at the downstream end of the channel. Bed configuration was measured using a laser bed profiler without water flow. The longitudinal bed profile was measured from 1 m at the upstream to 8 m at every 20 cm in the experimental reach since the upstream 1 m was not considered to avoid the effects of inlet and disturbance of water profile due to the sediment supply. The transverse bed profile was surveyed between 0.05 m and 1.95 m at every 1 cm due to the moving limitation of the profiler.
After the braided channel was fully reproduced, which was 64 minutes, we sprayed alfalfa seed on the channel bed and banks by hand uniformly without the flow. After that, discharge of 0.4 l/s was allowed in the channel for 2 minutes to prevent alfalfa from growing up at the lower channel, and it similar to natural rivers, as shown in Fig. 1 , during lower flow period. The seed was scattered on bars and banks, some were transported on the lower channel bed by the flow and later placed along the banks, border line between bar and water elevation, or washed out the flume. It is similar to the observations of Gran and Paola(2001) in the laboratory flume. The discharge of 0.15 l/s had been allowed to the channel to maintain the saturated Vegetation density(stems/cm2) (b) Tractive force with vegetation density bed, leading to keep the channel shapes, and to supply water to alfalfa by two times per day about 1.5 hours. We continued the runs for additional run time after alfalfa sprout had grown for two weeks to sustain the flow, and the alfalfa was composed of a stem of about 3.5 cm high and lmm in diameter with 3 leaves. Roots length was about 3 cm. Alfalfa density was estimated using the weight of the seed before spreading it considering the sprout rate (80%), which was the specified minimum rate of a seed company, and loss rate (1%), which was the assumed rate. One example is presented in Fig. 2 .
EXPERIMENTAL RESULT
Vegetation affects the characterists of the flow, that is, flow depth, velocity, and directions, in fluvial steams, resulting in the channel evolution. Fig. 3(a) displays the water depth with vegetation density. As The bed of main channel, which was a lower channel without vegetation in the reproduced braided river, was scoured as time progressed although secondary channels, which were higher channels covered with vegetations in the braided river, were not changed.
As vegetation density increased, bank erosion rate was lower because vegetation root reinforced bank materials and the vegetation density increased flow resistance.
Because of the roughness of vegetation near the bank side as a bank protector, the flow did not impinge directly on banks, which were reinforced by vegetation root. Flow direction was controlled by vegetation, and the bed was deepened due to the secondary flow.
As time progressed, the weakly meandered bank eroded because of the concentrated secondary flow, 
NUMERICAL RESULTS
We display in Fig. 6 numerically and experimentally that a braided river is shown up from initially straight channel and is remarkly developed while the channel width is enlarged since the side banks eroded.
And also the mechanism of braided river under large aspect ratio explained by Ashmore(1991) were illustrated for Run-1. Flow was concentrated into lower channels, and some of them eroded deeply. Bars appeared to the downstream of the lower channels and complicated braided bars were developed due to flow In the morphological evolution, a braided river without vegetation from initially straight channel was remarkably developed. For the braided river with vegetation, a primary channel was developed to a high meandering channel and bifucated to two channels due to vegetation on the bed and banks. This mechanism is differnt from it without vegetation.
The calcualtion results show relatively good agree- 
